To investigate the significance of serological human T-cell lymphotropic virus type 1 (HLTV-1) Gag indeterminate Western blot (WB) patterns in the Caribbean, a 6-year (1993 to 1998) cross-sectional study was conducted with 37,724 blood donors from Guadeloupe (French West Indies), whose sera were routinely screened by enzyme immunoassay (EIA) for the presence of HTLV-1 and -2 antibodies. By using stringent WB criteria, 77 donors (0.20%) were confirmed HTLV-1 seropositive, whereas 150 (0.40%; P < 0.001) were considered HTLV seroindeterminate. Among them, 41.3% (62) exhibited a typical HTLV-1 Gag indeterminate profile (HGIP). Furthermore 76 (50.7%) out of the 150 HTLV-seroindeterminate subjects were sequentially retested, with a mean duration of follow-up of 18.3 months (range, 1 to 70 months). Of these, 55 (72.4%) were still EIA positive and maintained the same WB profile whereas the others became EIA negative. This follow-up survey included 33 persons with an HGIP. Twenty-three of them (69.7%) had profiles that did not evolve over time. Moreover, no case of HTLV-1 seroconversion could be documented over time by studying such sequential samples. HTLV-1 seroprevalence was characterized by an age-dependent curve, a uniform excess in females, a significant relation with hepatitis B core (HBc) antibodies, and a microcluster distribution along the Atlantic coast of Guadeloupe. In contrast, the persons with an HGIP were significantly younger, had a 1:1 sex ratio, did not present any association with HBc antibodies, and were not clustered along the Atlantic façade. These divergent epidemiological features, together with discordant serological screening test results for subjects with HGIP and with the lack of HTLV-1 proviral sequences detected by PCR in their peripheral blood mononuclear cell DNA, strongly suggest that an HGIP does not reflect true HTLV-1 infection. In regard to these data, healthy blood donors with HGIP should be reassured that they are unlikely to be infected with HTLV-1 or HTLV-2.
B. Peoples, and R. Y. Dodd, Abstr. 52nd Annu. Meet. Am. Assoc. Blood Banks, abstr. S483, 1999) . This is the case in the French overseas territories including the West Indian island of Guadeloupe (an area where HTLV-1 is endemic [35, 36] ), where blood bank screening for HTLV-1 and -2 became mandatory in January 1989 (8) .
There are several diagnostic methods for the detection of HTLV-1 and -2 antibodies, including enzyme immunoassays (EIAs), the particle agglutination assay (PAA), immunofluorescence assays, Western blotting (WB), and the radioimmunoprecipitation assay (3, 4, 7, 10, 21, 24, 37, 45 ; Stramer et al., Abstr. 52nd Annu. Meet. Am. Assoc. Blood Banks). Repeatedly reactive samples are further tested by WB. Stringent HTLV WB criteria require that an HTLV-1-infected individual have an antibody response to the complete range of the core bands (p19, p24, and pr53), in addition to the respective recombinant glycoprotein (gd21) and to type-specific synthetic peptide MTA-1 (HTLV-1). However, especially in tropical areas, indeterminate HTLV serologic test results (i.e., WB patterns reactive to only part of the viral proteins) appear commonly, leading to difficulties in interpretation and counseling (2, 6, 11, 12, 13, 15, 16, 18, 19, 20, 23, 26, 28, 31, 37, 38, 44) . Previous epidemiological studies, particularly in Cameroon (central Africa), have reported that indeterminate WB patterns (notably those exhibiting p19, p26, p28, p32, p36, and pr53, which have been termed the HTLV-1 Gag indeterminate profile [HGIP]) were not associated with true HTLV-1 infection (26, 28) .
The main purposes of the present cross-sectional study, conducted among healthy blood donors from Guadeloupe, a tropical area of endemicity for HTLV-1, were (i) to assess the overall HTLV-indeterminate WB (and more specifically HGIP) seroprevalence and its temporal trend during a 6-year survey, (ii) to compare the main epidemiological determinants of HTLV-1-infected subjects (age, relationship of sex to positivity for hepatitis B core (HBc) antibodies, geographical origin) with those of the individuals exhibiting an HTLV-1-indeterminate WB, and (iii) to search for the presence of HTLV-1 in the peripheral blood mononuclear cell (PBMC) DNA of blood donors with an HGIP by WB by using PCR.
nate, and HTLV-1-negative donors. Data were compared using 2 , trend 2 , and Fisher's exact tests; P values computed at the 0.05 level were reported as measures of statistical significance. All statistical analyses were performed using Epi Info (Centers for Disease Control and Prevention, Atlanta, Ga.), version 6.02b, software.
HTLV-1 molecular analysis. DNA was extracted from PBMCs using a commercial DNA kit (QIAamp DNA blood minikit; Qiagen GmbH, Hilden, Germany) according to the manufacturer's instructions. PCR was carried out as previously described (26) . Briefly, each reaction tube contained 1 g of DNA, 0.2 mM deoxynucleoside triphosphate mixture (Boehringer GmbH, Mannheim, Germany), 5 l of 10ϫ reaction buffer (Perkin-Elmer Cetus, Norwalk, Conn.), 0.25 M (each) oligonucleotide primer (Pharmacia, Piscataway, N.J.), 2.5 mM MgCl 2 (Perkin-Elmer Cetus), and 2.5 U of Taq DNA polymerase (Perkin-Elmer Cetus) in a total volume of 50 l. The sequences of HTLV-1-and -2-specific primers and appropriate probes were as previously described (26) . The primers and probes were as follows: pol region, primers SK110 and SK111 amplifying both HTLV-1 and HTLV-2 and probes SK112 for HTLV-1 and SK188 for HTLV-2; gag region, HTLV-1-specific primers GAG1 and GAG2 and probe GAGS (17) ; tax region, primers KKPX1 and KKPX2 amplifying both HTLV-1 and HTLV-2 and probes KKPXs (HTLV-1 specific) and SK45 (HTLV-1 and HTLV-2) (25) . Housekeeping gene ␤-globin was studied to ensure that all extracted DNAs were amplifiable using primers PCO4 and GH20 (26) .
HTLV-1 molecular analysis was performed for 43 subjects: 24 HTLV-1-seropositive healthy donors, 1 HTLV-1-seronegative donor, and 18 donors exhibiting an HTLV-1-indeterminate WB pattern. Fig. 1 , the annual prevalence rates for HTLV-1-seroindeterminate results, obtained with WB2.4, were relatively stable during the studied period (except for a 0.62% peak, of unknown origin, in 1994). They were also steadily and significantly higher than the HTLV-1-positive rates, especially for 1994, 1996, and 1997 (P ϭ 0.005, 0.02, and 0.008, respectively).
RESULTS

HTLV
As shown in Table 1 and Fig. 2 , careful examination of the 150 HTLV-indeterminate WB2.4 profiles allowed the identification of several different profile categories. The HGIP, exhibiting reactivities to p19, p26, p28, p32, p36, and pr53, but lacking both p24 and Env bands, was the most frequent (62 of 150 or 41.3%). Other indeterminate WB2.4 profiles were identified, including those with isolated bands such as p24 (n ϭ 40), p19 (n ϭ 12), or gd21 (n ϭ 10). Furthermore, 20 specimens displayed reactivity to only one gag protein (p19 or p24) plus one env-encoded glycoprotein (i.e., gd21), either associated or not with MTA-1. Among these 20 specimens, the most common WB profile (n ϭ 14) exhibited reactivities to gd21 and p19 associated with faint p26, p28, p32, p36, pr53 bands but lacking both p24 and MTA-1 reactivities. This WB profile was closely related to HGIP, except for the presence of the gd21 reactivity.
Among the 150 HTLV-indeterminate WB sera, 129 could be retested by complementary tests and the majority were scored negative when screened by PAA or recombinant EIA, leading an enhanced overall specificity of 90.7 or 85.3%, respectively (Table 1) .
Considering Among the 150 HTLV-seroindeterminate subjects, 76 (50.7%) were sequentially retested, for a mean duration of follow-up of 18.3 months (range, 1 to 70 months). Of these, 55 (72.4%) maintained the same WB profile whereas the others became EIA negative. This follow-up survey included 33 HGIP persons, of whom 23 (69.7%) had a profile that did not evolve during time. Moreover, no case of HTLV-1 seroconversion over time could be documented with such sequential samples.
Comparative epidemiological features of HTLV-1-seropositive, HGIP, and HTLV-1-seronegative donors. HGIP was chosen because it represented the most common and homogenous indeterminate WB profile. According to the epidemiological determinants, striking differences between HTLV-1-positive persons and those having an HGIP were detected. HTLV-1-positive blood donors showed increasing seropositivity rates with age (trend P Ͻ 0.0001) and were significantly older (Ն40 years) than HGIP donors (P ϭ 0.03) (Fig. 3A) . Moreover, HTLV-1 seroprevalence was overrepresented among females (0.29% versus 0.12% for males; P Ͻ 0.001), significantly differing in this respect from HGIP seroprevalence (P ϭ 0.003) (Fig. 3B) . Indeed, HGIP subjects were equally balanced between males (0.18%) and females (0.15%), similar to HTLV- a gd21 and p19 are associated with faint p26, p28, p32, p36, and pr53 bands. b One each for K-55 alone, p24 plus pr53, p28 plus pr53, and p24 plus p28 plus pr53.
seronegative donors (P ϭ 0.58) (Fig. 3B) . Furthermore, HTLV-1-seropositive donors were significantly more likely to be positive (0.57%) than negative (0.16%) (P Ͻ 0.001) for HBc antibodies. This significantly differentiated them from HGIP donors (P ϭ 0.03) (Fig. 3C) . By contrast, the percentages of HGIP persons positive (0.22%) and negative (0.16%) for HBc antibodies were similar to those for HTLV-seronegative donors (P ϭ 0.33) (Fig. 3C) . Finally, the HTLV-1 seroprevalence was clearly greater along the Atlantic façade of Guadeloupe (0.40%), an area of microendemicity, than in other areas (0.20%) (P ϭ 0.016), which was not the case for HGIP persons (P ϭ 0.01) (Fig. 3D) . By contrast, no significant difference in this geographic determinant between HGIP and HTLV-1-seronegative donors (0.08% for Atlantic façade versus 0.19% for other areas; P ϭ 0.13) could be detected. Detection of HTLV-1 DNA sequences in the PBMCs by PCR. All the 43 studied DNA samples gave a positive result with primers that amplify the ␤-globin gene. A positive PCR signal was clearly detected in the PBMC DNA of 22 out of 24 HTLV-1-seropositive specimens with all the primer pairs, as well as in the HTLV-1-and HTLV-2-positive control DNAs. However, for two HTLV-1-seropositive specimens having an optical density ratio by EIA of Ͼ15 and exhibiting a peculiar WB profile with strong env protein (gd21 and MTA-1) but very weak gag protein (p19 and p24) antibody reactivities, PCR results were negative. Furthermore, new PBMC DNAs were extracted for these two persons and retested by PCR for HTLV-1, but the results remained negative. No signal could be detected in the PBMC DNAs of 17 HTLV-1-seroindeterminate subjects, including 13 persons with an HGIP, 3 subjects with a gd21-plusp19 pattern, and 1 person with an isolated p24 band. No signal was also obtained from the DNA of the HTLV-1-and -2-seronegative specimen as well as for the control DNA-free tube. A sample (6802) exhibiting a faint gd21-and p19-positive MTA-1 pattern but lacking p24 gave positive PCR results only with primer pairs amplifying the gag and tax genes. To avoid a possible lack of PCR sensitivity, we performed a nested PCR (one for the tax gene and the other for the long terminal repeat region) as previously described (26) for the few samples with discordant results. Only the three HTLV-1-positive controls and sample 6802 gave HTLV-1-positive results.
DISCUSSION
HTLV-1-and -2-seroindeterminate WB patterns are prevalent worldwide, with rates fluctuating considerably according to countries. The present 0.4% seroindeterminate rate found in Guadeloupe (French West Indies) appeared comparable to those previously documented for blood donors in other West Indian or South American countries, such as Martinique (0.50%) (6) and Brazil (0.63%) (38) . This rate also appeared clearly higher than those found among donors from areas FIG. 2. WB analysis using WB2.4 from Genelabs Diagnostic Biotechnology. Lane 1, HTLV-1-positive control; lane 2, HTLV-2-positive control; lane 3, serum from one Guadeloupean blood donor with an isolated p24 band; lanes 4 and 5, sera from two Guadeloupean blood donors with an HGIP; lane 6, serum from one Guadeloupean blood donor exhibiting gd21 (weak), p19, p26, p28, p32, p36, and pr53 bands but without reactivities to both p24 and env-encoded glycoprotein MTA-1; lanes 7 and 8, sera from three Guadeloupean blood donors exhibiting gd21, p19, p26, p28, p32, p36, and pr53 bands but without reactivities to both p24 and MTA-1; lane 9, serum from one Guadeloupean blood donor exhibiting reactivities to gd21, p24, and p28, but without reactivities to both p19 and MTA-1; lane 10, serum from one Guadeloupean blood donor with a nearly complete WB profile but lacking p24 reactivity. This subject was positive in PCR.
where infection is not endemic, such as metropolitan France (0.0033 per thousand) (8) and the United States (0.035%) (22, 24, 32) , but much lower than the rates reached in Cameroon (11% among a rural population) (28) and in Congo (3% among pregnant women) (42) . This high frequency of indeterminate results clearly emphasizes the difficulty in assessing the real HTLV-1 seroprevalence, especially in tropical areas where indeterminate WB patterns peak and lead to misclassification. As a consequence, many earlier studies, particularly those performed in Africa but also in the Caribbean, have probably overestimated the HTLV-1 seroprevalences (2, 4, 6, 11, 12, 13, 15, 19, 20, 31) .
In our study, the seroindeterminate rates obtained with WB2.3 and WB2.4 did not significantly differ and thereby did not change the overall specificity for serologic confirmation of HTLV-1 infection. Indeed, even if the highly sensitive and specific gd21-based WB2.4 assay eliminated the majority of false-positive transmembrane protein-related results, a significant number of specimens still reacted to gag proteins and were always categorized, by use of WB2.4, as HTLV indeterminate. Finally, indeterminate results due to reactivity to bands other than gd21 are still observed, so that an appropriate confirmatory test remains of major concern (32; Stramer et al., Abstr. 52nd Annu. Meet. Am. Assoc. Blood Banks). By contrast, our survey showed that, when these indeterminate samples were tested by additional recombinant EIA and by PAA, most of them were found HTLV negative. Similar data have been recently described in the United States, where a significant proportion of false-positive HTLV-1 and -2 results are obtained among blood donors, reflecting a weak specificity of the HTLV-1 and -2 screening. The use of a dual EIA algorithm for HTLV-1 and -2 among blood donors is now required in the United States in an attempt to reduce the number of expansive and nonconclusive WB tests. This algorithm process has been evaluated on a large scale and approved by the Food and Drug Administration (Stramer et al., Abstr. 52nd Annu. Meet. Am. Assoc. Blood Banks). Although our survey disclosed several different indeterminate WB patterns, the leading one among local blood donors was the HGIP, previously described in Cameroon (26, 28) , other African countries (11, 42, 44) , and Melanesia (20, 31) . Among all the HTLV-indeterminate patterns, the frequency of HGIP in Guadeloupe was particularly high regardless of the WB version used (more than 40% for both WB2.3 and WB2.4). The reason for and significance of this peculiar blot pattern prevalence remain unclear. Several hypotheses have been put forward. One is the possibility of cross-reactivity to epitopes present on bacteria or parasites (notably Plasmodium falciparum) (15, 26, 34) . However, Guadeloupe has no specific bacterial environment and malaria was eradicated about 50 years ago. Further, none of our 62 blood donors with an HGIP had traveled in areas where malaria is endemic. Another hypothesis may link the indeterminate reactivity to an immune response to closely related endogenous retroviruses (1) or to exogenous simian T-lymphotropic viruses (44) , the latter being unlikely in our series, as recently described for the United States by Busch et al. (5) .
With regard to epidemiology, our subjects exhibiting HGIP were significantly younger than those confirmed HTLV-1 seropositive. Furthermore, the HGIP prevalence was related neither to gender nor to HBc antibodies and did not cluster in the Atlantic façade of Guadeloupe, which is the area of highest HTLV-1 prevalence. Finally, the epidemiological profile of individuals with HGIP appeared close to those of HTLV-1-seronegative individuals and markedly contrasted with those of HTLV-1-seropositive individuals. Such contrast confirms the initial data obtained by Mauclère et al. in Cameroon (28) but extends these findings to the Caribbean area, strongly suggesting that such an indeterminate Gag WB pattern does not appear to reflect true HTLV-1 infection. This statement was confirmed by the use of PCR. Indeed, this technique did not detect HTLV-1 sequences in the PBMC of 13 tested HGIP persons. It must be pointed out that the majority of previous studies, performed in various areas, also failed to detect HTLV-1 proviral sequences, even by the use of highly conserved HTLV-1 and HTLV-2 primers on fresh or cultured PBMCs of those individuals presenting an HTLV indeterminate WB pattern (15, 18, 22, 26, 31, 44) . However, a recent report has described the amplification of an HTLV-1 tax sequence from patients with neurological disease exhibiting an HGIP WB reactivity. This suggests that this seroindeterminate WB pattern might be associated in some rare cases with defective HTLV-1 strains or with a novel retrovirus having homology with HTLV-1, or finally with slowly replicating HTLV-1 (39, 47) . In addition, it seems unlikely that the HGIP may represent a delayed or slow seroconversion, because most of our followed-up subjects did not show any evolution of their WB profile over time and because the minority who did became EIA negative. However, we noticed that some of the latter retained an HGIP, but with a significantly decreased response to the Gag bands, likely reflecting a lower level of antigenic stimulation. Finally, in our study, all seroindeterminate patterns do not correspond to an HTLV-1 seroconversion, contrary to a recent study carried out in Martinique, where 3 of 49 HTLV-seroindeterminate donors were reported as being HTLV-1 seroconverters (6).
In conclusion, our data confirm that the stringent criteria for WB positivity proposed by the HTLV European Research Network (40) must be accurately carried out, especially for samples originating from tropical areas. These criteria state that, to be considered HTLV-1 positive, WB-tested sera must react with at least two native gag proteins, p19 and p24, in addition to two recombinant env glycoproteins, gd21 and MTA-1. However, special attention must be paid to low-intensity signals: indeed, two "HTLV-1-seropositive" specimens in our study exhibiting a peculiar pattern with strong env protein reactivities but very weak gag protein reactivities were PCR negative. In such rare cases of faintly positive samples, it seems necessary to perform PCR in order to distinguish between true and false HTLV-1 seropositivity. Conversely, one indeterminate sample in our study with the gd21 ϩ p19 ϩ p24 Ϫ profile along with MTA-1 reactivity was PCR positive. Similar results have been obtained in metropolitan France, where two indeterminate samples with the same pattern were also PCR positive (10) . On the basis of these data, and by analogy with HTLV-2 seropositivity criteria, which required only three bands (i.e., gd21, p24, and K-55), we propose that HTLV-1 seropositivity should be based on the presence of at least the three reactivities gd21, p19, and MTA-1, even if p24 is lacking. By contrast, when both MTA-1 and p24, or the env protein reactivities (such as HGIP) are lacking, our survey failed to detect, by PCR, evidence of HTLV-1 provirus in all cases. Healthy blood donors with such HGIP test results should be reassured that they are unlikely to be infected with HTLV-1 or HTLV-2.
